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CLAIMS 

1 . (Cunently Amended) A semiconductor device compn'sing: 
a chip; 

a plurality of firsi blocks on the chip; 

a system bus on the chip coupled with the first blocks; 

an external bus for coupling a dual one of the fu^t blocks to a plurality of second 
blocks external to the chip; and 

a single on-chip multi-jurisdictional arbiter adapted to receive requests for ownership 
of the system bus and of the external bus, to rank all the received requests according to a 
programmable priority schcdxxlc, to transmit a first grant signal to the dual first block co upled 
to tfi c external bus regarding a first ownership of the external bus, and lo transmit a second 
grant signal regarding a second ownership of the sysiem bus to another one of the first blocks 
that is concurrent with the first ownership. 

2. (Currently Amended) Tlie device of claim 1 » wherein the arbiter includes 

a request decoder adapted to receive a request signal from the dual fiixt block coupled 
to the external bus operating as a master of the external bus and another request signal from 
another one of the first blocks operating as a master of the system bus; 

a priority scheduler to receive an output of the request decoder; 

a system bus master selector to receive an output of the priority scheduler containing 
data about a first top priority and further adapted to transmit the first grant signal responsive 
to the lii^t top priority; and 

an external has master selector to receive an output of the priority scheduler 
containing data about a second top priority and further adapted to transmit the second grant 
signal responsive to the second top priority, 

3. (Previously presented) The device of claim 1, further comprising: 
a bridge on the chip; 

an auxiliary system bus on the chip coupled to the system bus through the bridge; and 
a pltjrality of third blocks on the chip coupled with the auxiliary system bus, 
wherein the arbiter is adapted to transmit a third grant signal to one of the third blocks 

regarding a third ownership of the auxiliary system bus that is to be concurrent v^ith the first 

ownership. 
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4. (Previously presented) The device of claim 1, wbeicin 

the system bus is split into a left portion and a right portion separated by a bus switch, 

and 

the arbiter is adapted to transmit a control signal lo the bus switch. 

5. (Currently Amended) A device comprising: 
a semiconductor chip; 

a system bus on the chip; 
an externa) bus; 

a path distinct from the system bus and the external bus; and 
a plurality of first blocks on the chip coupled durcctly with the system bus, wherein 
at least one of the first blocks is an external memory controller coupled to the external 
bus and adapted to control at least one memory device that is external to the chip, and 

another one of tlie first blocks is a multi-jurisdiclional multi-chaimel general direct 
memory access block capable of accessing each memory device that to coupl e d with via the 
external memory controller and vie the path , where the path couples the muUi-iurisdicdonal 
multi -channel general direct memory access block and the external memory con troller. 

6. (Original) The device of claim 5, wherein the external memory controller 
includes: 

an external bu$ controller to control the external bus; . 

an address and control multiplexer adapted to receive address and control inputs from 
both the system bus and the multi-jurisdictional multi-channel general direct memory access 
block, and adapted to transfer one of the received address and control inputs to the external 
bus controller; 

a write data multiplexer adapted to receive data inputs from both the system bus and 
ihe multi-jurisdictional multi-channel general direct memory access blocks and adapted to 
transfer one of the received data inputs to the external bus controller; and 

a read data demultiplexer adapted to receive data inputs from the external bus 
controller^ and adapted to trBnsfcr the received data inputs to one of the system bus and the 
chip multi-jurisdictional multi-channel general direct memory access block. 

7- (Original) The device of claim 6, wherein 
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the address and control multiplexer, the write data multiplexer, and the read data 
demultiplexer are controlled by inputs from the external bus controller. 

8. (Original) The device of claim 6, further comprising; 

at least one buffer coupled behvecn the external bus controller and the external bus. 

9. (Original) The device of claim 5, further comprising: 

an on*chip multi^jurisdiclional arbiter to transmit a first grant signal to one of the first 
blocks regarding a first ownership of the system bus and to transmit a second grant signal to 
the external memory device regarding a second ownership of the external bus that is 
concuiTcnt with the first ownership. 

1 0. (Previously presented) The device of claim 9, wherein the arbiter includes: 

a request decoder to receive a request signal irom one of the external memory device 
, and one of the first blocks; 

a priority scheduler to receive an output of the request decoder; 

a system bus master selector to receive a first output of the priority scheduler 
containing data about a first top priority and further adapted to transmit the first grant signal 
responsive to the first top priority; and 

an external bus master selector to receive a second output of ihe priority scheduler 
containing data about a second top priority and further adapted to transmit the second grant 
signal responsive to the second top priority. 

11. (Original) The device of claim 10, wherein tho arbiter further includes 
a system bus slave selector to transmit a select signal to one of the first blocks 

responsive to a third output originating fix)m the priority scheduler. 

12. (Previously presented) The device of claim 11, wherein 

the third output is first received and decoded by the request decoder, and 
the system bus slave selector is adapted to receive from the system bus master selector 
a corresponding signal responsive to the third Output. 

13. (Original) The device of claim 9, wherein the external memory controller 
includes: 
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an cxtctioal bus controller to control the exiemal bus; 

an address and control multiplexer adapted to receive address and control inputs from 
both the system bus and the multi-jurisdictional multi-chaiincl gentsrtil direct memory access 
block according to the first ownership, and adapted to transfer one of the received address 
and control inputs to the external bus controller according to the second ownership; 

a write data multiplexer adapted to receive data inputs finom both the system bus and 
the muJti-jurisdictional multi-channel general direct memory access block, and adapted to 
transfer one of the received data inputs to the external bus controller; and 

a read data demultiplexer adapted to receive data inputs from the. external bus 
controller, and adapted to transfer the received data inputs to one of the system bus and the 
multi-jurisdiclional multi-chaimel general direct memory access block, 

14. (Original) The device of claim 13, wherein 

the address and control mulLiplexer, the write data multiplexer, and the read dat^ 
demultiplexer are controlled by inputs from the external bus wmtroller. 

15. (Original) The device of claim 13, further comprising; 

at least one buffer coupled between the external bus controller and the external bus. 

16. (Original) The device of claim 13» wherein 

the external bus controller is adapted to receive an external bus grant signal fix>m the 
arbiter for controlling the external bus as a master. 

1 7. (Original) The device of claim 13. wherein 

the external bus controller is adapted to receive a select signal frora the arbiter for 
being controlled as a slave. 

1 8. (Previously presented) Ao article comprising: a storage medium, said storage 
medium having stored thereon instructions^ that, when executed by at least one device, result 

in: 

receiving a plurality of requests; 

characterizing the received requests in terms of whether they vrould use one of a 
system bus of an on-chip system., an external bus of the system, or both the system bus and 
the external bus; 

AMKNDMr-NT FaOE 5 OF 16 DockftNo. 9898-1 72 

APPLICATION No. 09/773,874 

PA(S 8C0 « R(M) AT 1112 W 8:i2:4« PM [Eastern Sta^^ 



11/29/04 05:56 F AX S03274462 2 



MARGER JOHNSON 



(21 



assigning priorities to the requests according to preset rankings; 

selecting a first one of the requests having a top one of the priorities; 

determining whether at least one of the system bus and the external bus would be idle 
irthe llrsl request were granted; and 

if so, selecting a second one of the requests that can be performed by at least one of 
the would*be idle buses, and then granting concurrently the first request and the second 
request 

19. (Original) The article of claim 18, wherein the instructions further result in: 
determining whether a request having a second one of the priorities can be the second 

request. 

20. (Original) The article of claim 18, wherein the instructions further result in: 
il*thc request having the second one of the pnorilies can not be the second request, 

determining whether a request having a third one of the priorities can be the second request. 

2 1 . (Original) An article comprising: a storage medium, said storage mediimi 
having stored thereon instructions, that, when executed by at least one device, result in: 

granting a request by an on-chip multi-jurisdictional multi-channel general direct 
memoiy access (mJmCGDMA) block lo control only a system bus in an on-chip system; and 

then granting a request by the mJmCGDMA block to control only an external bus in 
an ofT-chip system. 

22. (Original) The article of claim 21 > wherein the instructions further result in: 
then granting a request by the mJraCGDMA block to control both the system bus and 

the external bus concuiiently, 

23. (Previously presented) A method for a semiconductor chip having a plurality 
of on-chip ftinctionaJ blocks, at least one on-chip system bus for connecting at least some of 
the blocks, and an external bus for at least one of the functional blocks to exchange data wiih 
off-chip devices, the method comprising: 

receiving a plurality of requests; 

characterising Ihe received requests in terms of whether they would use one of the 
syslem bus, the external bus, or both the system bus and the cxtcrmil bus; 
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selecting a first one of the rcque^jts; 

identifying the system bus or the external bus that would be idle if the first request 
' were perfonned; 

selecting a second one ofOic requests that can be performed by at least one of the 
system bus and the external bus that would be idle if the first request were performed; and 
granting the second request concurrently with granting the first request. 

24. (Previously presented) I'he method of claim 23, further comprising: 
assigning respective non-hierarchical priorities to aiJ the requests by a single on-chip 

multi-jurisdictional arbiter, 

wherein the first request is the one with a top one of the priorities. 

25. (Original) The method of claim 23, further comprising: 

identifying all buses on the chip that would be idle if the first request and the second 
request were performed concurrently; 

selecting a third one of the requests that can be performed by an auxiliary system bus 
on the chip which would be idle if the first request and the second request were performed 
concurrently; and 

^anting the third request concurrently with granting the first request. 

26. (Previously presented) The method of claim 23, further comprising: 
transferring a first set of data through the system bus pursuant to the granted first 

request; 

transferring a second set of data through the external bus pursuant to the granted 
second request concurrently with transferring the first set of data; and 

transferring a third set of data through an auxiliary system bus pursuant to the granted 
third request concurrently with transfening the first set of data. 

27. (Previously presented) The method of claim 23, further comprising: 
transferring a single set of data through an auxiliary system bus, the system bus, and 

the external bus pursuant to the granted first, second and tiiird requests. 

28. (Currently Amended) A method for a semiconductor chip having an on-chip 
CPU block, an on-chip functional block, at least one on-chip system bus for connecting the 
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on chip blooka CPU block and the functional block, an on-chip DRAM refresh controller and 
an external bus, the method comprising; 

receiving a plxirality of requests, a first one of which being from the DRAM refresh 
conlrollcr; 

examining whether a second one of the remaining requests is tor using only the 
system bus; and 

if so, granting the first and second requests to be performed concitrrcntly. 

29. (Original) The method ofclaim 28, ftirther comprising: 
assigning priorilics to the requests; 

selecting a request having a second one of the priorities; and 
determining whether Ihe selected request can be the second request. 

30. . (Original) The method of claim 28, farther comprising: 

^11 if the request having the second one of Ihe priorities can not be the second request. 



detcfminmg whether a request having a third one of the priorities can be the second request. 



3 1 . (Previously presented) A method for a semiconductor chip having a plurality 
^ of on-chip functional blocks, at least one on-chip system bus for connecting at least some of 

the blocks, and an external bus for at least one of tlie functional blocks to exchange data with 
off-cbip devices, the method comprising: 
m receiving a plurality of requests; 

characterizmg the received requests in terms of whether they would use one of the 
system bus, the external bus, or both the system bus and the external bus; 
^5 assigning priorities to the requests according to preset rankings; 

selecting a first one of the requests having atop one of the priorities; 

determining whether at least one of ihe system bus and the external bus would be idle 
if the first request were granted; and 

if so, selecting a second one of the rcqxicsls that can be perfonncd by at least one of 
the would-be idle buses, and then granting concurrently the first request and the second 
request- 

32. (Original) The method of claim 31, further comprisbag: 
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detennining whether a request having a second one of the priorities can be the second 
reqxiesi. 

33. (OriginaJ) The method of claim 32, further comprising: 

if the request having the second one of the priorities can not be the second request, 
dcterroiniTig whether a request having ft third one of the priorities can be the second request 

34. (Previously presented) A method for a semiconductor chip having an on-chip 
multi-jiirisdictional mulii-channel general direct memory access {mJmCGDMA) blocks an 
on-chip runctional block, at least one on-chip system bus for connecting the on-chip blocks, 
and an external bus for the mimCODMA block to exchange data with an off-chip device, the 
method comprising: 

granting a request by the m JmCGDM A block to control only the system bus in a first 
cycle; and 

then granting a request by the m JmCGDMA block to control only the external bus in 
a second cycle subsequent to the first cycle. 

35. (Original) The method of claim 34, further comprising: 

then granting a request by the mJmCGDMA block to control the system bus and the 
external bus concurrently in a third cycle subsequent to the second cycle. 

36. (New) A device comprising: 
a semiconductor chip; 

a system bus on the chip; 
an external bus; 

a path distinct from the system bus and the external bus; and 
a plurality of first blocks on the chip coupled directly with the system bus, wherein 
at least one of the firet blocks is an external memory controller coupled to the external 
bus and adapted to control at least one memory device that is external to the chip, and 

another one of ihe first blocks is a multi -jurisdictional multi-channel general direct 
^ memory access block that is coupled with the external memory controller via the path; and 

an on-chip multi-jurisdictional arbiter to transmit a first grant signal to one of the first 
blocks regarding a first ownership of the system bus and to transmit a second grant signal to 
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the external memory device regarding a second ownership of the external bus that ist 
concurrent with the first ownership. 

37. (New) The device of claim 3 6, wherein the arbiter includes: 

a request decoder to icccive a request signal firom one of the external memory device 
and one of the first blocks; 

a priority scheduler to receive an output of the request decoder, 

a system bus master selector to receive a first output of the priority scheduler 
containing data about a first top priority and further adapted to transmit the first grant signal 
responsive to the first lop priority; and 

an external bus master selector to receive a second output of the priority scheduler 
containing data about a second top priority and fixrther adapted to transmit the second grant 
signal responsive to the second top priority. 

38. (New) The device ofclaim 37, vAerein the arbiter further includes 

a system bus slave selector to transmit a select si&nal to one of the first blocks 
responsive to a third output originatmg fix>m the priority scheduler. 

39. (New) The device of claim 38, wherein 

the third output is first received and decoded by the request decoder, and 
the system bus slave selector is adapted to receive from the system bm master selector 
a corresponding signal responsive to the third output 

40. (New) The device of claim 36, wherein the external memory controller 
includes: 

an external bus controller to control the external bus; 

an address and control multiplexer adapted to receive address and control inputs from 
both the system bus and the multi-jurisdictional multi-channel general direct memory access 
block according to the first ownership, and adapted to transfer one of the received address 
and control inputs to the external bus controller according to the second ownership; 

a write data multiplexer adapted to receive data inputs from both the system bus and 
the multi-jurisdictional multi-channel general direct memory access block, and adapted to 
. transfer one of the received data inputs to the external bus controller; and 
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a read data demulUplcxer adapted to receive data inputs from the external bus 
controller, and adapted to transfer the received data inputs to one of the system bus and the 
multi-jurisdictional multi-channel general direct memory access block. 

4L (New) The device ofclaim 40, wherein 

the address and control multiplexer, the write data multiplexer, and the read data 
demultiplexer are controlled by inputs from the external bus controller. 

42. (New) The device ofclaim 40, further comprising: 

at least one bufFcr coupled between the external bus controller and the external bus. 

43. (New) The device ofclaim 40, wherein 

the external bus controller is adapted to receive an external bus grant signal from the 
arbiter for controlling the cxtcmaJ bus as a mastcr. 

44. (New) The device ofclaim 40, wherein 

the external bus condoller is adapted to receive a select signal from the arbiter for 
being controlled as a slave. 

45 . (New) An article comprising: a storage medium, said storage medium having 
stored ihercon instructions, that, when executed by at least one device, result in: 

granting a request by an on-chip multi-jurisdiciional multi-channel general direct 
memory access (mJmCGDMA) block to control only a system bus in an on-chip system; 

then granting a request by the mJmCGDMA block to control only an external bus in 

an off-chip system; and 

then granring a request by the m JmCGDMA block to control both the system bus and 

the external bus concurrently. 

46. (New) A method for a semicimductor chip having an on-chip multi- 
jurisdictional multi-channel general direct memory access (m JmCGDMA) block, an on-chip 
functional block, at least one on-chip system bus for connecting the on-chip blocks, and an 
external bus for the mJmCODMA block to exchange data with an olT-chip device, the 
method comprising: 
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granting a inquest by the mJmCGDMA block to control only the system bus in a first 

cycle; 

then granting a request by the mJmCGDMA block to control only the external bus in 
a second cycle subsequent to the first cycle; and 

then granting a request by the mJTnCGDMA block to control the system bus and the 
external bus concurrenay in a ihird cycle subsequent to the second cycle. 

47. (New) A device comprising: 
a system bus on the chip; 
an ejctemal bus; 

a path distinct from the system bus and Ihc external bus; and 

a plurality of fint blocks on the chip coupled directly with the system bus, wherein 

at least one of the first blocks is an external memory controller coupled to the external 

bus and adapted lo control at least one memory device that is external to the chip, and 

another one of the first blocks is a mulli-jurisdictional multi-channel general direct 

memory access block that is coupled with the external memory controller via the path, 

wherein the external memory controller includes: 

an external bos controller to control the external bus; 

an address and control multiplexer adapted to receive address and conuol inputs from 
bolh the system bus and the multi-jurisdictional multi-channel general direct memory access 
block, and adapted to transfer one of the received address and control inputs to the external 
bus controller; 

a write data multiplexer adapted to receive data inputs from both tlie system bus and 
ihc multi-jurisdictional multi-channel general direct memory access block, and adapted to 
transfer one of the received data inputs to the external bus controller; and 

a read data demultiplexer adapted to receive data inputs from the external bus 
controller, and adapted lo transfer the received data inputs to one of the system bus and the 
chip mLilti-jurisdictional multi-channel general direct memory access blo'ck. 

48. (New) The device of claim 47, wherein 

the address and control multiplexer, ihc write data multiplexer, and the read data 
demultiplexer arc controlled by inputs from the external bas controller, 

49. (New) The device of claim 47, further comprising: 

Amendment Page 12 of 16 dockf.t No. 9898-^172 

Application No. 09/773,874 

PA(X 1Sf20*RCVD AT 11129/2004 6:52:46 PM [Eastern Standard 



11/29/04 05:58 FAX 5032744622 MARGER JOHNSON ©016 



at least one buffer coupled between the external bus controller and the external bus. 
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